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Housing development involves myriads of interrelated processes which include 
series of decision making functions. Decision making is a multi-level process that 
influences the success of a proposed housing project. A housing project may fail or 
suffer some of serious setback if the decision making function is flawed or has been 
made on an ad hoc basis or based on unreliable, imperfect or hazy information. 
Decisions have to be made empirically using scientific methods and tools based on 
accurate and reliable data and information in today’s business environment. The main 
aim of this study is to develop a process model for investment decision making in 
housing development at the strategic phase of the project that is, initiation and feasibility 
stages in Malaysia. The objectives of this study are three pronged – one, to identify the 
decision making practiced among Malaysian housing developers, two to identify the 
methods and tools used by them to make decisions and three to determine the types of 
information required for making decisions. This research involved the development of 
theoretical model by synthesising the models developed by a number of prominent 
authors and researchers on the subject of decision making.  It also uses the Delphi 
method to collect and analyse the appropriate data and information. For a start of the 
study, 50 numbers of developers were selected as samples. But only 34 responded to the 
second stage of the information gathering process. At the final stage of the study only 12 
developers or participants were left for the final process of the study. The data was 
analysed using the descriptive statistical techniques. This study affirms that Malaysian 
developers tend to make their investment decisions based on simple interpolation of 
historical data and using simple statistical or mathematical techniques in deciding the 
investment. This study suggested that the Malaysian housing developers skipped several 
important decision making functions. These shortcomings were mainly due to time and 
financial constraints and the lack of statistical or mathematical expertise among the 
professionals and managers in the organisations. The findings allowed a critical review 
of the theoretical model which followed by the development of a revised process model 














Pembangunan perumahan melibatkan pelbagai proses membuat keputusan. 
Membuat keputusan adalah proses yang mempengaruhi kejayaan projek. Projek 
pembangunan perumahan mungkin mengalami kegagalan sekiranya proses atau prosedur 
membuat keputusan tidak dilakukan dengan sempurna dan tergesa-gesa. Pembangunan 
boleh gagal sekiranya keputusan dibuat berdasarkan maklumat tidak sempurna, kabur 
atau berdasarkan gerak hati dan maklumat lepas yang tidak tepat. Keputusan baik adalah 
dibuat secara empirik dengan menggunakan kaedah dan alat-alat saintifik berdasarkan 
maklumat tepat dan boleh dipercayai dalam dunia perniagaan kini. Tujuan utama kajian 
ini ialah membangunkan satu model proses membuat keputusan pembangunan 
perumahan pada fasa strategik iaitu permulaan dan kajian kemungkinan di Malaysia. 
Objektif kajian terdiri daripada tiga serampang - pertama,  merangka dan menentukan 
proses membuat keputusan yang diamalkan oleh pemaju perumahan Malaysia, kedua, 
mengenal pasti alat dan teknik yang digunakan oleh pemaju semasa membuat keputusan 
dan ketiga data dan maklumat yang diperlukan dan bersesuaian semasa membuat 
keputusan tersebut. Kajian melibatkan pembangunan model teori oleh sintesis model 
dengan menggabungkan hasil teori beberapa penulis dan penyelidik terkemuka pada 
subjek membuat keputusan selain menggunakan kaedah Delphi untuk mengutip, 
mengumpul menganalisis data dan maklumat yang sesuai. 50 pemaju telah dipilih 
sebagai sampel pada awalan kajian. Hanya 34 sahaja yang memberi respon dan dijadikan 
sampel peringkat kedua. Pada peringkat akhir kajian hanya 12 pemaju yang tinggal 
untuk proses akhir kajian. Data dianalisis menggunakan statistik deskriptif. Kajian ini 
mengesahkan pemaju Malaysia cenderung untuk membuat keputusan berdasarkan 
interpolasi mudah penggunaan maklumat lepas dan teknik statistik atau matematik 
mudah. Berbanding dengan teori kajian awalan mendapati pemaju perumahan seolah-
olah melangkau beberapa membuat keputusan penting. Kekurangan ini disebabkan oleh 
masa, kekangan kewangan dan kekurangan kepakaran statistik atau matematik dalam 
kalangan kumpulan profesional dan pengurusan dalam organisasi sampel. Penemuan 
mendapati kajian semula yang lebih kritikal terhadap model teori dan diikuti dengan 
pembangunan penyemakan model proses membuat keputusan bagi pembangunan 
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1.1 Background of the Study 
 
 
Housing is one of the important elements for the Malaysian growth and 
development.  In 2010, housing made up of 30% of the total output of the Malaysian 
construction industry which is 5.8% of the country’s Gross Development Product 
(GDP) (CIDB, 2010). Malaysian has emphasised on home ownership as part of its 
economic policy since the 2nd Malaysia Plan (1971-1975). This has led to a series of 
implementation of housing development programmes that saw thousands of housing 
facilities being built annually by both the government and private sectors.   
 
The aim of the housing policy in Malaysia is to give all Malaysian adequate, 
decent, affordable and accessible housing that is completely facilitated with 




group are able to own a house in such criteria (Ting, 2001).   In this regards, the 
private sectors (key players in housing development) are optimistic to build more 
profitable houses in developers’ development area. 
 
Despite the pleasant track record of the housing development, thousands of 
complaints received by National Housing Department in the year 2000 about the 
unethical practices of some developers or criminal house developers such as late 
delivery, compensation, cheating, non conforming to plan, low customer high-
interest, high interest loan, late produce certificate of fitness, payment, contravene 
act or regulation and deposit ownership. The impact will face is on the house buyers 
where they have to pay high-interest loan payment for a long time without owning 
any house. The issue becomes more critical while the demand of housing is 
increasing and imbalance with the total of land in the country is worsened. This 
situation is worsen due to land decreasing and limited (Salleh & Chai, 1997).   
 
Figure 1.1 shows the statistic of housing project failure (late delivery project, 
sick project and abandoned project) in Malaysia from 2007 until 2011. According to 
National Housing Department (2008), late project delivery means that the project is 
experiencing delays of 10% to 30% compared to the proper development. Sick 
project refers to the project which experiences a delay of more than 30% stack up of 
the progress that should be or has expired Sale and Purchase Agreement. Abandoned 
project is a project which was not complete and no major activity at the construction 









Figure 1.1  Statistic of Housing Failure in Malaysia from 2007 until 2011 
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There are no abandoned projects in the year 2007, 2008 and 2011 but there 
are still problems in the housing project such as late delivery project and sick project. 
As suggested by Holian (2002), much of these problems were attributed to poor 
decision making. Accordingly, poor decision making also exist in the case of 




1.2 Problem Statement 
 
 
The foregoing discussion highlighted the problems associated with decision 
making in housing development. According to Sharipah (2011) the main issues in the 
Malaysian housing industry are on the unsold, overhang and oversupply of housing 
development throughout the country. Sharipah (2011) also find that the exceeding 
target of the residential sector, industrial sector and unsold shop lots with a total of 
RM 9.84 billion as at end of 2000, increased by 11.62% over the previous half year. 
The National Economic Action Council (NEAC) (1999) recognised that the cause of 
economy suffered poorly in the 1997 economic recession was due to property market 
overhang and oversupply. 
 
These issues actually come from the developers who are responsible in 
making a housing development decision (Khalid, 2005). Chan (1997) highlighted 
that as decision maker would need to set up the uniqueness and characteristic of the 
unit based on various obstruction and objectives from his own side. Developer or 
decision maker does not automatically construct a unit that will convince the 
recipients, since they have their own viewpoint and mind of their needs, objectives, 
obstructions and necessities. Mahdi, et al., (2006) conclude that it is very hard to 





Basi (1998) highlighted that all decision made by intuitive without scientific 
approach. Important decisions are probably made intuitive at the executive level, 
cooperation at the managerial level, and computational at the administrative level. 
This classification will create dissimilarity in decision making group and it causes 
misunderstanding between each other. When this situation occurs among them, the 
accurate result cannot be achieved. Again regarding to Basi (1998), integration of all 
levels in organisation especially those who are involved in decision making must 
work together and have mutual understanding; so that the issue may be disappearing 
in conflict group. 
 
Generally the process begins with the decision from a client (an individual or 
enterprise) to invest in a construction project to satisfy a particular need (Ofori, 
1990). The phenomena show that client has major involvement in decision making in 
construction project. The problem is to make the best decision in construction; it 
must comes from various knowledge sources and specialists, especially in housing 
where the sector is near to the public (social) objective (Mulliner, 2013). But then, 
the problem more often than not persists and relates both to contradictory objectives 
among the major stakeholders in the process, and to the particular idiosyncrasies of 
the speculative housing market (Carmona, 2001) as shown in Figure 1.2. These 
situations become produce a poor decision and finally make a bad quality output in 









There are many complaints received by National Housing Department on the 
lack of housing quality 
statistics in the Figure 1.3
delivery and the lowest
(problems/issues) according to ranking;
(8%), contravene act/regulations (6%)
deposit ownership (3%)
infrastructure (1%).
may be attributed mainly to poor or wrong decision making. Poor decision making 
can be due to many reasons. The failures included the procedure or poor quality 








Figure 1.2  Contradictory Objectives 
r’s, 1993 in Carmona, 2001
in Malaysia due to sequence in decision making issue
 shows that the highest percentage of complaint is late 
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Figure 1.3  
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measurable way at initiation phase. They also need to apply the appropriate 
approach. The issue is majority of them prefer making decision using trial and error 
and experience method. They also use a simple feasibility study with simple 
mathemathical calculation and ordinary personnel to support the decision.  They 
must make decisions methodically or scientifically by applying the science 
management (Wheelen & Hunger, 1991). The aim of their housing project is more to 
get high profit and fulfills the high demand.  
 
As a conclusion, based on Ziara (1999), Mat & Md. (2004), Harris (2009) 
and Whole Building Design Guides (WBDG) (2012), all the problems of housing 
development attributed mainly to poor or wrong decision making, procedure or poor 
quality information or wrong the using decision techniques at initiation phase.   
Beside that, regarding to initial survey finds that the decision making process in 
developer’s management is straightforward. Thus, this research emphasises on the 





1.3 Summary of Previous Studies 
 
Many research works have been carried out on the housing decision making 
issues. However most of the researches did not emphasised on the developing of 
decision making process model for housing projects especially at initiation phase. 
Table 1.1 is a summary of three previous studies in housing decision making as a 
reference. Each of them touches to the tool, marketing and government roles in 





First, Ahmad et al (2004) came out with decision for site selection. The 
research raises out those decision makers usually uses own biased decision and gut 
feelings based on their experience in selecting the most suitable sites for 
development. Then, online analytical processing (OLAP) concept is employed to 
analyse data using just for site selection decision stage not for all stages in initiation 
phase.    
 
The second is research on decision making in house marketing area. Livette 
(2006) highlighted issue that pleasure with the result of the decision making process 
is more important than the nature of the process itself, but, unsuitable that process 
seems to be in terms of the theory of buyer actions. The research is focusing more to 
house purchaser which demonstrates that most of the buyers undertake imperfect 
decision making not to developer effort. 
 
The third previous study is government decision making model in housing 
scope.  Mahdi et al (2006) emphasised on point of government’s and recipients’ 
perspective only. He found that the system of housing construction is proved to be 
efficient in making a trade off between the government purposes and recipients 
desires not to developer and technical player advantages in housing development. 
 
And the last previous study is discussion on decision making method. 
Mulliner et al. (2013) suggested that decision maker must use a multiple criteria 
decision making method as assessment of sustainable housing affordability. The 
method comprises economic, environmental and social criteria to produce quality of 
life and community sustainability in housing development. 
  
Table 1.1:  List of Summary of Previous Studies in Housing Decision Making 
Title Author Year Issue Methodology Finding Scope 







pers in Site 
Selection. 
Ahmad, I., 
Azharb, S. & 
Lukauskis, P. 
2004 • Site selection process is a 
complex decision making task.  
• Decision makers to use their 
subjective judgment and gut 
feelings based on their 
experience in selecting the most 
appropriate site for 
development. 






• Enhanced approach for integrating 
data from multiple, often very large, 
distributed, heterogeneous databases 
and other information sources.  
• Introduce online analytical 
processing (OLAP) concept which 
analyzes data using for any 
combination of variables.  
• Users can generate data trends over a 









Housing and the 
Effectiveness of 
the Buyer 
Behaviour of Its 
Purchasers 
Livette, M. 2006 • Inappropriate t decision making 
process of the theory of buyer 
behaviour.  
 
• Examines the decision 
making process of retirement 
housing purchasers.  
• Determine its efficiency by 
comparing and contrasting 
data. 
• 200 respondents with semi-
structured interviews. 
 
• Majority of retirement housing 
purchasers undertake limited 
decision making: they consider only 
the scheme in which a property is 
eventually bought, and they are very 















Mahdi, I. M., 
Al-Reshaid, K. 
& Fereig, S. M. 
2006 • Decision maker have their own 
perspective and imagination of 
their needs, objectives, 
constraints and requirements.  
• Decision making process very 
difficult to produce satisfactory 
typical housing units. 
• Appear into the mass 
production of house units and 
the conflict. 
• Proposes a decision model 
for deciding the optimum 
house delivery alternatives 
for both the recipients and 
the Government.  
• Use analytical hierarchy 
process.  
• Partially constructed houses enable 
the possibility of many alternatives 
by the recipients, which in turn 
avoids the drawbacks of rebuilding 
and at the same time, maintains 



















2013 • Quality of life and community 
sustainability the environmental 
and social sustainability of 
housing not taken into 
consideration. 
• Application of a 
methodology that can be 
applied to assess the 
affordability of different 
housing locations in a 
sustainable manner, taking 
into account a range of 
economic, environmental and 
social criteria 
• A range of social and environmental 
criteria can greatly affect the 
calculation of an areas affordability, 








1.4 Research Questions 
 
 
Regarding to problem statement, the issues need to be the reply and fully 
investigate as found out in the preliminary enquiry. Therefore the research 
requirements are stated in the questions below;  
 
1. How do developers make decision? 
2. When do they make decision? 
3. Who make the decision? 
4. What are the inputs (data/information)? 





1.5 Aim and Objectives of the Research 
 
 
This research aims to develop a process model for decision making in 
housing development at the strategic phase in Malaysia.  
 
The objectives of this research are; 
 
1. to identify the decision making process practiced by the Malaysian 
housing developers 
2. to identify the methods and tools used to make decisions and 






1.6 Scope and Limitation of Research 
 
 
This research is limited to a study of decision making process among large 
housing developers in Malaysia particularly in Peninsula. The research is also 
limited to the decision making process during the strategic phase which include 
initiation phase. It does not consider decision making in other phases. 
   
The research focuses on strategic phase which include initiation phase 
(before planning phase) because it is considered to be the first step and focal point in 
construction process (Tan, 1996) (see Figure 1.4).  Initiation phase includes explore 
and assess development, evaluate development, pre feasibility study (market 
assessment), preliminary investment, development schedule and feasibility study 
stage. This research also includes all types of housing development whether low 
cost, medium cost, high cost, terrace house, apartment, bungalow, semi detached or 
mix development. Researcher uses a natural view in housing development project so 
that it can be used by developers in whatever circumstances. 
 
Respondents in this research include developers in Peninsular of Malaysia 
who submit their financial audit report to Ministry of Housing and Local Authority 
until 31 August 2008. This sample is selected because the developers are involved 
with a high probability in their work and business. It is important to determine 










1.7 Significance of Research 
 
 
The main contribution of this study to the body of knowledge falls on the 
following aspects: First, improving the current process and technique in decision 
making model of initiation phase in housing project. This study has contributed to 
the standards definition of housing approval and the decision makers especially 
developers to realize the component in stage of initiation phase in housing 
development. In addition, this study will provide cost and time saving at the stage of 



























STAGE OF INITIATION PHASE
Acceptable? Profitable? Profitable? Suitable? Acceptable? Valuable?




the final product. Finally, this research overall want to help developers make quality 
in their decision at each stage of initial phase of housing development.  
 
 Beside that, this study can provide an overview or idea and knowledge to 
academia on the developing of decision making process model for housing projects 
especially at initiation phase. Based on previous studies (as mentioned in sub chapter 
1.2) most of them did not emphasised on this area especially at primary phase in 
housing development. Therefore this research will contribute to the future 





1.8 Research Approach 
  
 
A research approach is basically a research model. It has a correlation with 
the data collection method because it is specified by research strategy. Generally, 
this research has five main activities which are theoretical study, pilot study, data 
collection, data analysis and finally findings. The main purpose of these activities is 
to ensure that this research is carried systematically so that the aim and objectives of 
the research can be achieved.  
 
 The research is carried out by identifying problems in the housing project 
development in Malaysia and the decision making scenario. The idea of problem 
statements also comes from literature review and a pilot study. The following phase 
is the theoretical study which is undertaken to further strengthen the preliminary 
study. This part explains the theoretical aspects of housing project development with 
particular attention given to the decision making element of the processes and 





 The third phase is data collection. In this phase, data and information are 
collected with three rounds survey (Delphi Pilot, Delphi 1st Round, and Delphi 2nd 
Round) and analysed systematically by way of scientific methods like qualitative and 
quantitative method. The sample of respondents is identified scientifically in order 
for the researcher to find a representation of the total population which is the total 
number housing developers in Malaysia. 
 
 Data analysed is formulated as solutions targeted to answer the objectives of 
the research. Generally, the decision making practice for housing development 
situation is discussed in detail including current decision making process in housing 
projects which is the normal process of decision making, critical level at each of the 
process, party(ies) or person making the decision, decision making methods and 
tools and decision criteria.  Another aspect which will be discussed is the 
information required for the decision making process. The answers of questionnaires 
and opinions from selected developers will be analysed with SPSS (Statistical 
Package for the Social Sciences) software.   
 
 The last part of this research is a summary of findings explain the problem 
statement and aim and objectives achievement. Another part is the elaboration of the 
theoretical study and practice implication based on the findings’ result. This part will 




       
1.9 Organisation of Thesis 
 
 
This thesis is divided into nine chapters. Chapter 1 gives the introduction and 





Chapter 2 explain the theory of decision making the associated decision 
making process, the various tools and techniques used and the criteria of decision 
making functions are discussed.  
 
Chapter 3 provides the overview of Malaysian housing industry and its 
performance for the last 15 years. It also discusses some of the issues and problems 
facing the housing development as well as the developer. This chapter also highlights 
into the theoretical aspects of housing project development with particular attention 
given to the decision making element of the processes and information required. 
 
Chapter 4 discusses in detail the methodology of the research. The research 
was discussed in accordance stages of the research. The stages includes identification 
of survey elements, questionnaire development, data collection process and method 
of analysis are the main topics described in the chapter. 
 
Chapter 5 describes the analyses that were performed on the data collected 
from different stages of the research. The results are displayed, analysed and 
discussed in order to obtain significant findings and fulfill the research objectives. 
 
Chapter 6 discusses the synthesis of interesting findings leading to the 
identification of the determinants that current practice of decision making process in 
housing development project. An equal emphasis on the aspects or variables and 
practices for each aspect that promote the practice of decision making process are 
highlighted in each subsequent section of the discussions. 
 
Chapter 7 discusses the type of information required for the different decision 
making points at initiation phase of housing development project. The focus on 
usage current information practice from explore assess development until feasibility 





Chapter 8 discusses the aim of research. The contant covers the illustration of 
decision making process model for housing development project during initiation 
phase by flow chart. Illustration of model looks into the process of housing 
development, the associated decision making process, the various tools and 
techniques used and the inputs and outputs of decision making functions. 
 
Chapter 9 summarises the research work, provides the conclusions of this 







 This chapter outlined the thesis. It indicated the research background, 
highlighted the current issues of measuring the performance of housing development 
and established the research problems and objectives. The research scope and its 






















Decision making is a process that tangled with the other planning, 
coordinating and controlling. It is an important element to decide the best result or 
solution in housing development selection and key to the success of project 
implementation. This chapter discusses the concept, method, tool and criteria 
associated with decision making. The discussion covers preliminary answer for 
current practices of decision making process in housing development project. 
Extension of this finding, development of decision making process of housing in 







2.2 Terms and Definition 
 
 
Before further discuss the subject of the research, it must has a clear 
understanding of the terms used in this study. Based on Keast et al. (2009) many 
types of decision can be defined by situation, alternatives and outcome. Furthermore 
taking adecision is a process which includes a recognition process; an argumentation 
process and a selection from alternatives process. 
According to Reason (1990) decision making is also as cognitive process. It is 
produced in the selection of alternative scenarios. Each of decision making process 
presents the last alternative. The result can be an exploit option.  




“Decision means that each of the potential solutions is evaluated and compared 
to the alternatives until the best solution is obtained”.  
(Hendrickson, 1998) 
 
2. Decision making:  
“The analysis of a finite set of alternatives described in terms of some evaluative 
criteria.”  
(Triantaphyllou, 2000)  
3. Decision making process: 
“Taking a judgement procedure or selecting alternatives which comprise a 
process of define and clarify the issue, gather all the facts and understand their 
causes, think about or brainstorm possible options and solutions, consider and 
compare the pros and cons of each option and select the best option.”  




4. Decision points: 
“Latest moment at which a predetermined course of action is (or must be) 
initiated.” 
 (Businessdictionary.com, 2009) 
 
As the result, decision making defined as the process of choosing and 
analysing alternatives, ideas and judgements with evaluate action until the best 
solution decided. The integration from terms and definition listed guide this research 






2.3 Model and Its Attributes 
 
 
This section describes the component of model and select which it used in 
this research as final finding.  A model is a simplified representation of the key 
elements of reality and their interaction (Golub, 1997). A model expresses what we 
mean when we say that we know how something works (Oxenfeldt, 2001). The 
characteristics of models are; 
 
− They simplify complex reality by stripping away the non-essentials. 
− They include the essential elements. 
− They indicate the relationships among the component parts. 
(Oxenfeldt, 2001) 
 
Figure 2.1 shows the modelling process. Keast and Towler (2009) pointed out that, 
model can also be considered as ideas or abstractions whose main function is to 















Figure 2.1  The Modelling Process (Brewer and DeLeon, 1995 in Golub, 1997). 
 
Abstract Models is the first type of model. The models are the variety of 
mathematical models which are covered in courses on forecasting, management 
science and operations research. According to Golub (1997) there are three types in 
this brief typology of models such as deterministic models, probability models and 
simulation models. 
 
Secondly is a Conceptual Models. This model is frequently criticised as 
subjective because the decision made by decision maker can be biased. Beside that, 
the models are less explicit and consequently, can be more difficult to modify. 
Conceptual forecasts are typically based on analogies (Golub, 1997). For the purpose 
of this research, the focus on the conceptual model as a method of presenting the 
integrated decision making process model for housing development process. It is 
because the method of research uses an elaboration of the theoretical study and 
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2.4 Decision Making Process 
 
 
Chapman (1995) pointed out that decision making process includes activity 
that define and clarified the issue. Then, collect all the information. After that, come 
up with potential choices and clarifications. The following process considers and 
compares the advantages and disadvantages of options. Next process is selecting the 
best opinion and lastly explains the decision to those concerned and affected. 
 
Monahan (2000) presented the decision making as an objective achievement 
process. To him the process started with the establishment, classify and place the 
objectives with according to importance level. Second is the development of 
alternative. Third is the evaluation of alternative against all the objectives and 
tentative decisions. Followed by evaluate tentative decision. Lastly it is the 
implementation of the decisive actions. Triantaphyllou (2000) described decision 
making involved the analysis of alternatives in evaluative criteria which have benefit 
and nature value 
 
According to Harris (2009), decision making is the process of reducing 
uncertainty alternatives. He pointed out that the information gathering functions of 
decision making. He also pointed out that very few decisions are made with absolute 
certainty because complete knowledge about all the alternatives is seldom possible. 
Thus, every decision has a risk. Another side, Tan (1996) stated the result comes 
from combination of ideas, concept model and ideas into reality model.Table 2.1 
shows the list of literature review of decision making process elements. Based on 
these discussions, it can be considered that decision making is consideration process 










Table 2.1:  Literature Review of Decision Making Process 
Author Year Decision Making Process Scope 
Reason 1990 Mental processes (cognitive process). 
Chapman 1995 Solution process. 
Monahan 2000 Process of objective achivement. 
Triantaphyllou 2000 Selection alternatives process. 
Harris 2009 Process of reducing uncertainty and doubt. 
Tan 1996 Combination of ideas, concept model and ideas into 
reality model. 
 
Further discussion focused on selected area used decision making process 
basically. Hofstrand (2006) discussed decision making on business area. Based on 
Hofstrand (2006), whether to move forward or not, a successful business 
development must implement a process of assess a business idea to construction 
project environment. He states decision making stage is the most critical action in the 
entire business development process. Hofstrand pointed out the steps of business 
which is used for development process in Figure 2.2.  An advantage of Hosftrand’s 
development process is the process is clear where we know the place of decision 
making process must be done. But, the process is too simple and easier in first step 










Figure 2.2  Idea Assessments and Business Development Process  
(Hosftrand, 2006) 
 
However, Hendrickson (1998) reviewed the conceptual design process in 
information technology (IT) area characterised by a systematic syries which started 
with formulation, analysis, search, decision, specification, and modification (see 
Figure 2.3). Though, these actions are highly interactive at the early stage in the 
development of a new project. The process and relationship of action and decision 
making has shown. Nevertheless, it is too many and crowded with relationship 
arrows and the decision point in each of action is not given.  
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Figure 2.3  Conceptual Design Process 
Adapted from R.W. Jensen and C.C. Tonies (Hendrickson, 1998) 
 
Accordingly, in agriculture area, there is more completed decision making 
process practice. Figure 2.4 shows the process by Fountas et al (2004) is divided in 
three sections corresponding to the transformation from data to information to 
decision. The flow of decision making process with information required is clear. 
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